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RESULTS OF AN AERODYNAMIC FORCE AND MOMENT 
INVESTIGATION OF AN 0.015-SCALE CONFIGURATION 3 
SPACE SHUTTLE ORBITER IN THE NASA/ARC 
3 . 5 -FOOT HYPERSONIC WIND TUNNJCL (OA 58 ) 

SY 

T. J. Dziubala, Rockwell International 
J. W. Cleary, NASA/Ames 

ABSTRACT 

Tests were conducted on a 0.015-scale model of the Space Shuttle 
Vehicle Configuration 3 Orbiter in the Ames Research Center 3.5-Foot Hyper 
sonic Wind Tunnel. The primary objective of the test was to obtain sta- 
bility and control data for the basic configuration and an alternate con- 
figuration. Pitch runs were made with 0° of sideslip at Mach numbers of 
5.3, 7.3 and 10.3. Six-component force data and fuselage base pressures 
were recorded for each run. Shadowgraph pictures were taken at selected 
points. Model 420 was i^sed for these tests. 
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NOMENCLATURE 

General 


SYMBOL 


Cp 

M 

P 

q 

rn/l 

v 

a 

0 

<t> 

P 

Ab . 
b 


c.g. 



SADSAC 


SYMBOL 

DEFINITION 

speed of sound; m/sec, ft/sec 

CP 

pressure coefficient; - Pco)/q 

MACH 

Mach number; V/a 
pressure; N/m 2 , psf 

q(nsm) 

Q(PSF) 

dynamic pressure; l/2 pV 2 , N/m 2 , psf 

rh/l 

unit Reynolds number; per m, per ft 
velocity; m/sec, ft/sec 

ALPHA 

angle of attack, degrees 

BETA 

angle of sideslip, degrees 

PSI 

angle of yaw, degrees 

PHI 

angle of roll, degrees 

mass density; kg/m^, slugs/ffc3 


Reference & C.G. Definitions 



b8se area; m 2 , ft 2 

BREF 

wing span or reference span; m, ft 


center of gravity 

IREF 

reference length or wing mean 
aerodynamic chord; m, ft 

SREF 

wing area or reference sree; m 2 , ft' 

MRP 

moment reference point 

XMRP 

moment reference point on X axis 

YMRP 

moment reference point on Y axis 

ZMRP 

moment reference point on Z axis 


SUBSCRIPTS 

b 

1 

s 

t 


base 

local 

static conditions 
total conditions 
free stream 


v 
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NOMENCLATURE (Continued) 
Body -Axis System 


SYMBOL 

SADSAC 

SMBOL 

DEFINITION 

% 

CN 

normal -force coefficient; n0 . rma ^, 

qS 

C A 

CA 

axial-force coefficients ax ^ a ^ force 

qS 

c Y 

CY 

side -force coefficient; s * de ^ >orce 

qs 

°A b 

CAB 

base -force coefficient; ^ ase * orce 

qS 

-A b (Pb * Poo)/q s 

C Af 

CAF 

forebody axial force coefficient, C A - C Afe 

C m 

cm 

pitching-moment coefficients pitching moment 

^ s /ref 

C n 

CYN 


H 

CBL 

rolling-moment coefficient; In0 ^ li ^ 

qSb 



Stability-Axis System 

C L 

CL 

lift coefficient; ii|- 
qS 

C D 

CD 

drag coefficient; ££|£ 


CDB 

base-drag coefficient; 

C Df 

CDF 

fore body drag coefficient; 

c Y 

CY 

side -force coefficient; slde £ ( ?‘ ce . 

qS 

Ss 

cm 

pitching-moment coefficient; Bitching moment 
£ qS XREF 

C n 

CLN 


c t 

CSL 


l/d 

l/d 

lift-to-drag ratio; Cj/Cjj 

VDf 

l/df 

lift to forebody drag ratio; C i/C^ 
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In addition to the standard notation, the following are special to this 


test. 



SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 

Cp Bi 


fuselage base pressure coefficient. 

Cp BM 


OMS pod base pressure coefficient. 

PBi 


fuselage base pressure. 

P Bm 


OMS pod base pressure. 

X cp / 

XCP/L 

nondimens ional center of pressure. 

Swd 

CLMFWD 

pitching moment coefficient about forward center 
of gravity location. 

^ft 

CLMAFT 

pitching moment coefficient about aft center of 
gravity location. 

a Ca 

DCA 

incremental axial-force coefficient, algebraic 
difference of two runs. 

AC]) 

DCD 

ipcremental drag coefficient, algebraic difference 
of two runs. 

ac l 

DCL 

ipcremental lift coefficient, algebraic difference 
o£ two runs. 

ac n 

DCN 

ipcremental normal-force coefficient, algebraic 
difference of two runs. 

AC Df 

DCDF 

incremental forebody drag coefficient, algebraic 
difference of two runs. 

ACA f 

DCAF 

incremental forebody axial force coefficient, 
algebraic difference of two runs. 

AC A b 

DCAB 

Incremental base axial force coefficient., algebraic 
difference of two runs. 

ACm fwd 

DCLMFD 

incremental pitching moment about forward C.G., 
algebraic difference of two run3. 


NOMENCLATURE (Concluded) 


SYMBOL 

SADSAC 

SYMBOL 

^ m aft 

DCLMAT 

6 bf 

BDFLAP 

6 

e 

ELEVON 

5 r 

RUDDER 

fi SB 

SPDBRK 


*«e 

DE 

a5 BF 

DBF 


DEFINITION 


increment al pitching moment about aft C.G., 
algebraic difference "two runs. 

body flap, surface deflection angle, positive 
deflection, trailing edge down; degrees. 

elevon, surface deflection angle, positive 
deflection, trailing edge down; degrees. 

rudder, surface deflection angle, positive 
deflection, trailing edge left; degrees. 

speed brake, split rudder deflection angle, 
left split rudder trailing edge left and 
right split rudder trailing edge right, 

^SB = + ^Bg)/2, positive deflection; 

degrees . 

incremental elevon deflection angle, algebraic 
difference of two runs. 

incremental body flap deflection angle, 
algebraic difference of two runs. 
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CONFIGURATIONS INVESTIGATED 
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The test specimen for this investigation was an 0. 015-scale represent- 
ation of the Configuration 3 Space Shuttle Orbiter. It was constructed cf 
Amco 17-1* stainless steel with individual components and variable control 


surface deflections as follows: 


Component 


B 


17 


9 


C 


7 


E 


22 


E 


23 


F 


5 


M l* 


R 


5 


v 


7 


Definition 

Basic vehicle configuration 3 (139) fuselage of the 
Rockwell International Space Shuttle vehicle (£SV) 
orbiter configuration (VL70-000139) 

Alternate vehicle corfignrn+.ion 3 (1303) fuselage 
of the Rockwell International SSV orbiter configura- 
tion (VL70-000139B) 

Basic vehicle configuration 3 (139) canopy 
(VL70-000139) 

Elevon on basic vehicle configuration 3 (139) wing 
(VL70-000139) ; deflections tested were 6 = 0°, 

11° and -1*1*° 

Ele-\on on alternate vehicle configuration 3 ( 1393) 
wing ( VL70-000139B) , deflections tested were 6 o = 

0°, 11° and -1*1*° 

Basic vehicle configuration 3 (139) body flap 
( VL70-000139) , deflections tested were 6 = 0°, 

13.75° and -Ik. 25° 

Basic OMS-RCS pod for the Rockwell International 
SSV configuration 3 (VL70-000139B) 

1 ? 

t 

Basic vehicle configuration 3 (139) rudder for ver- 
tical tail ( VL70-000139) ; deflections tested were 
S R = 0° and 6 gB = 5k.92 c 

Basic vehicle configuration 3 vertical tail 
(VL70-000139) 


W 103 


Basic vehicle 


configuration 3 


(139) wing (VL70-000139) 



JL 






V 
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Alternate vehicle configuration j { 1393) v ing 

(VLTO-000139B) 


Two different orbiter configurations were investigated willed were 
constructed of model components as follows: 

0 , 


139 

°1393 


Complete orbiter configuration B C F V„ R, 

. f ± \ \ j i . 

103 E 22 


Complete orbiter configuration B C F Mi V R, 

WE ' f 

107 23 


Figure 2 shows the general orbiter configuration. Detailed model 


component descriptions and dimensional data are give in table 3- 
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TEST FACILITY 


The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circuit, 
blowdown-type tunnel capable of operating at nominal Mach numbers of 5. 7, 
and 10 at pressures to 1800 psia and temperatures to 3400°R for run times 
tOvfour minutes. The major components of the facility include a gas storage 
system where the test gas is stored at 300o ?si, a storage heater filled 
with aluminum-oxide pebb3.es capable of heating the test gas to 3400°R, 
axisymmetric contoured nozzles with exit diameters of 42 inches for gener- 
ating the desired Mach number, and a 900,000 ft^ vacuum storage system 
which operates to pressures of 0. 3 psia. The test section itself is an 
open-jet type enclosed within a chamber approximately 12-feet in diameter 
and 4o-ieet in length, arranged transver sally to the flow direction. 

A model support system is provided that can pitch models through an 
angle -of -attack range of -20 to +18 degrees, in a vertical plane, about 
a fixed point of rotation on the tunnel centerline. This rotation point 
is adjustable from 1 to 5 feet from the nozzle exit plane. The model 
normally is out of the test stream (strut centerline 37"inches from tunnel 
centerline) until the cunnel test conditions ars established after which 
it is inserted. Insertion time is adjustable to as little as l/2 second 
and models may be insertek at any strut angle. 

A high-speed, analog-to-digital data acquisition system is used to 
record test data on magnetic tape. The present system is equipped to mea- 
sure and record the outputs from 80 transducers in addition to 20 channels 
of tunnel parameters. 
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TESTING AND PROCEDURE 

The 0.015-scale model of the configuration 3 orbiter (model U;\'1 was 
sting-mounted from the smaller of the two available model support struts 
in the Ames Research Center (ARC) 3.5-Foot Hypersonic Wind Tunnel. A Task 
Corporation MK IID jl. 5-inch diameter internal strain gauge balance was sup- 
plied by ARC to measure six-component model loads. The capacities of the 
balance are presented in table 1. A 0.25-inch thick glass/silicon sleeve 
thermally insulated the balance from the fuselage. 

Rockwell sting W-1101-S supported the balance from the strut. All 
runs were made with the sting at 3.5 inches below tunnel centerline. This 
sting is provided with interchangeable bent adapters just behind the 
balance socket which enable high angles of attack to be achieved. Adapters 
with 10°, 1*0° and 50° pitch angles with 0° sideslip were employed in this 
test . 

An in-tunnel check of the balance sensitivities and sting deflections 
was performed prior to the start of the test. The results indicated that 
these quantities were essentially unchanged from those determined in a 
previous orbiter test, C.A11B. 

Four, one-sixteenth-inch ID, stainless steel tubes were routed along 
the sting to sense pressures at the base of the model. These pressures 
were measured by individual Stathem 0-5 psia transducers located in the 
model support strut. 

To achieve a pitch range of -3 to 52°, two separate runs were re- 
quired using the 10° and 1*0° bent sting adapters. Runs made with the 10° 
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adapter were swept in order of ascending angle of attack, whereas runs 
with the h0° adapter were started at the maximum angle of attack and then 
swept downward. The latter approach was deeme4 necessary in order to have 
a minimum back pressure in the tunnel vacuum spheres during the period of 
maximum blockage , thus reducing the possibility of unstarting the tunnel • 
This procedure was followed for runs 1 to 23. However, a significant 
amount of scatter in the high angle of attack results, particularly in 
the axial force data, prompted an investigation of the effect of pitching 
in the direction of ascending angles. Runs 2U to 2.8 were made in that 
manner and indicated a reduced degree of data scatter. Mach 10 data did 
not exhibit the scatter phenomena and so runs 29 to 38 were made in order 
of descending angles to alleviate the unstart problem. 

Shadowgraph photos were taken at selected test conditions. 
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DATA REDUCTION 


Standard ARC methods were used to compute aerodynamic coefficient 
data in body and stability axes. Figure 1 describes these axis systems 
Base pressures for the fuselage and OMS ppds were computed aa 


follows : 


C PB - f* c p Bi ♦ 


= fuselage base pressure coefficient = 


P Bj - Pp 
<1 


Cp = OMS pod base pressure coefficient = 


P Bm - p c 


where 


Fg = measured average pressure at fuselage base, psia 

Pg * measured pressure at various points on fuselage base, 
* psia (see figure 2(b)) 

Fg^ ■ measured pressure at OMS pod pase, psia 

t 

P 0 = free-stream static pressure, psia 

! 

q B free-stream dynamic pressure, psi 
Base axial-force coefficient was computed as follows: 

c l b m - (*B * A Bm + 

V ! I 

Forebody social force coefficient was computed as follows: 


C, 


WMnArim ~- 


Center-of-pressure location in percent of body length was computed 
as follows: 


C »'v 


V4 ■ (x 


where 


C.G. C,. 


X„ = location of reference center of gravity aft of 
’ * model nose, inches 


= body length, inches 

Two lift-to-drag ratios, based on stability axes data, were computed 
as follows : 

Using C A , L/D = Cj/Cp 
Using C Af , L/D f - C L /0 Df 

Reference Dimensions and Constants 


Symbol 


Definition Value 

r 

Fuselage base area, QMS pods on 0.0l»5 ft* 


(MS pod area (two pods) 


0.019 ft 


Sting cavity base area 


0.031* ft* 


Span, wing 


1U.050 in 


Reference C.G. 


12.577 in 


Reference C.G. 


FRL (Z=6.00) 


MAC, wing 


7.122 in 


Reference body length 


19.35 in 


Area, wing (ref.) 


O 
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TABLE 1 


TEST J OA58 (ARC 3.5-163) 


DATE : JUNE. 1973 


TEST CONDITIONS 


MACH NUMBER 


5.3 


10.3 


REYNOLDS NUMBER 
(per foot) 


DYNAMIC PRESSURE STAGNATION TEMPERATUR 
(pounds/sq. foot) ,| (degrees Rankine) 



BALANCE UTILIZED: 


SC 1.5-inch Task C 01 


MK IIP 


CAPACITY: 

500 lb 
500,- lh 
jOO\ lb 
250 lh 
250 lb 
800 -in-lb 


ACCURACY: 

* 1 / 2 * 

* 1 / 2 * 

* 1 / 2 * 

* 1 / 2 *. 

•* 1 / 2 * 

* 1 / 2 * 


COEFFICIENT 

TOLERANCE- 


COMMENTS: 
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TABLE 3. - MODEL DIMENSIONAL DATA 
Model Component: ^ Q< ty ^17) 

General Description: Fuselage, Configuration 3, lightweight orbiter per 

Lines Drawing VL70-000 139 
Scale model - 0. 015 


Drawing Number: VL70-000139 

Dimensions: 

Full -Scale 

Model Scale 

Length - in. 

1290.3 

19.35450 

Max width - in. 

267.6 

4.0140 

Max depth - in. 

244. 5 

3.66750 

Fineness ratio 

4.82175 

4.82175 

Area ~ ft^ 

/ 


Max cross-sectional 

386.67 

0.08700 



Planform 

Wetted 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 


Model Component: _ Body (Bjg) 

General Description: Fuselage, Configuration 3, l ightweight orbiter 
per Lines Drawing VL70-000139B 

Note; Identical to B i7 exc ept forebodv Model scale = 0.015 

Drawing Number: VL70-000139B 


Dimensions : 

Length - in. 

Max width - in. 

Max depth - in. 
Fineness ratio 
Area - ft^ 

Max cross-sectional 
Planform 
W etted 
Base 


Full-Scale 

1290.3 

267, 6 

244. 5 

4.82175 


386.67 


Model Scale 
19.35450 

4. 0140 

3. 66750 

4.82175 


0.08700 
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TABLE 3* - MODT’TL DIMENSIONAL DATA - Continued. 

Model Component: Canopy (C 7 ) 

General Description: Configuration 3 per Lines Drawing VL70-000139. 
Insufficient inform ation to complete di mensional data at this time. 
Model scale = 0.015 

Drawing Number: VL70-000139 

Dimensions : Full-Scale Model Scale 

Length (ski fwd bulkhead) - in . 43 2. 70 6 . 4905 

Max width (TE bulkhead) - in. 57 1. 40 8 , 5710 

Max depth (W ^ Z ° * 

to Z Q = 501) ~ in. 

Fineness ratio 

Area - ft 2 

Max cross-sectional 

Planform 

W etted 

Base 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 

Model Component: Elevon (E22) 

General Description- Configuration 3 per W 10 3 Lines Drawing VL70-000139 
data for 1 of 2 sides . 

Model scale = 0. 015 

Drawing Number: VL70-000139 


Dimensions : 

Full-Scale 

Model Scale 

Area - ft^ 

205. 52 

0.04624 

Span (equivalent) - in. 

353. 34 

5.30010 

Inbd equivalent chord - in. 

114. 78 

1.72170 

Outbd equivalent chord - in. 

55.00 

0.8250 

Ratio movable surface chord/ 
total surface chord 



At inbd equiv chord 

0. 208 

0.208 

At outbd equiv chord 

0.400 

0.400 

Sweepback angles ~ deg 



Leading edge 

0.00 

0.00 

Trailing edge 

-10. 24 

-10.24 

Hinge line 

0.00 

0.00 

Area moment (normal to hinge line)-ft^ 

1548.07 

0.00522 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 

Model Component: Elevor (E 23 ) 

General Description: Configuration 3 per W 107 Rockwell Lines 

Drawing VL70-000139B data f o r 1 of 2 s ides . 

Model scale = 0.015 

Drawing Number: VL70-000139B 


Dimensions : 

Area - ft~ 

Span (equivalent) - in. 

Inbd equivalent chord - in, 

Outbd equivalent chord - in. 

Ratio movable surface chord/ 
total surface chord 

At inbd equiv chord 

At outbd equiv chord 

Sweep'oack angles ~ deg 

Leading edge 

Trailing edge 

Hinge line 

Area moment (normal to h:nge line)~ft^ 


Full-Scale 

Model Scale 

205. 52 

0.04624 

353.34 

5.30010 

114. 78 

1.72170 

55.00 

0.8250 


0.2C8 

0.208 

0.400 

0.400 

0.00 

0.00 

-10. 24 

<M 

• 

O 

r-4 

1 

0.00 

0.00 

1548.07 

0.00522 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 
Model Component: OMS pod (M 4 ) 


General Description: Ligh tweight Configuration 3 per Lines Drawing 

VL70-000139. Note: M 4 identical to M3 of Configuration 2A except inter- 

s ect ion to body. S cale model = 0.015 

Drawing Number: VL7u-000139 


Dimensions: 

Length - in. 

Max width - in. 

Max depth - in. 
Fineness ratio 
Area - ft 2 

Max cross-sectional 

Planform 

Wetted 

Base 


Full-Scale 

346.0 
108.0 

113.0 


Model Scale 
5. 1900 
1,620 
1.695 
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TAHU: 3. - MODEL lJlMBWtOMAL DATA - Continued. 
Model Component: Rudder (Rg) 


Oonora, Inscription: ^oj/lguQtton. ^ and 3 per Rockwall U n„ 

n r awin 6 a y_L70.000095 an d VL7Q-OOO I3<| _ 

Mod el scale = 0.015 


Drawing Number: VL70-000095. VL70-000139 


— — . — ... ... 

Dimensions : 


F ull-Scale 

Model Scale 

Area - ft- . * 

Span (equivalent) -in. 

22afl 


201.0 

3.0150 

Iebd equivalent chord ~ in. 

91.585 

1.37378 

Outbd equivalent chord - in. 

50.833 

0.76249 

Ratio movable surface chord/ 



total surface chord 

At inbd equiv chord 

0. 400 

0.400 

At outbd equiv chord 

0.400 

0.400 

Sweepback angles - deg 



Leading edge 

34.83 

34.83 

Trailing edge 

26. 25 

26.25 

Hinge line 

34. 83 

34.83 

Area moment (normal to hinge line) -ft 3 

526. 13 

_0,00178 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 


T 


Model Component: Vertical (V 7 ), lightweight orbiter configuration 


General Description: Centerline vertical tail, double wedge airfoil with 

rounded leading edge 

Model scale = 0.015 

Drawing Number: VL70-000139* VL70-000095 


Dimensions: Full-Scale 


Total Data 

Planform area (thco) ~ ft^ 425. 92 

Span (theo) - in. 315. 72 

Aspect ratio 1. 675 

Rate of taper 0. 507 

Taper ratio 0. 404 

Sweepback angles - deg 

Leading edge 45. 000 

Trailing edge 26, 249 

0. 25 element line 41. 130 

Chords ~ in. 

Root (theo) WP 268, 50 

Tip (theo) WP 108. 47 

MAC 199.81 

Fus sta of 0. 25 MAC 1463. 50 

WP of 0. 25 MAC 635.522 

BL of 0. 25 MAC 0.0 

Airfoil section 

Leading wedge angle - deg 10,000 

Trailing wedge angle - deg 14, 920 

Leading edge radius ~ in. 2. 00 

Void area ~ ft2 13. 17 

Blanketed area ~ ft^ 


Model Scale 


0.09583 

4.73580 

1.675 

0.507 

0.404 


45.000 

26.249 

41.130 


4.02750 
1. 62705 
2. 99715 
21.9525 
9. 53283 
0.00 


10.000 
14. 920 
0.0300 
0.00296 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 
Model Component: Win S < w 103). lightweight orbiter 


General Description: Orbiter configuration per Lines Drawing VL70-000139 

Note: Dihedral angle is defined at the lower ^^rlace oJWe^wing at the T5 733 -percent . 

into a olane perpendicular to the FRP. Scale model = 0.01S 


Tost No. 


Drawing No. VL70-000139 


Dim on s ions: 


Full-Scale 


Model Scale 


Total Data 

Planform area (thco) - ft^ 

Span (thco) - in. 

Aspect ratio 
Rato of taper 
Taper ratio 
Dihedral angle, - deg 
Incidence angle, - deg 
Aoi odynamic twist, - deg 
Sweepback angles, - deg 
Loading edge 
Trailing edge 
0. ZS clement line 
Chords - in. 

Root (thco) at BP 0. 0 
Tip (thco) at BP 
MAC 

Fus sta of 0.25 MAC 
WP of 0.25 MAC 
BL of 0.25 MAC 
Exposed Data 

Area (thco) ~ ft* 

Span (thco) - in. (BP 108.0 to 468.341) 
Aspect ratio 
Taper ratio 
Chords - in. 

Root at BP 108, 0 

l ip at l.G0-| 

MAC 

Fus sta of C. 25 MAC 
WP of 0.25 MAC 
BL of 0.25 MAC 

Airfoil section (Rockwell mod NASA 

XXXX-64) 

Percent thickness at 0.425 “ 

Percent thickness at 1.00-~ 

£ 

Data for 1 of £ aides 
Loading edge cuff 
Planform area - ft^ 

Loading edge intersects fua ML at eta - in. 
Loading edge intersects wing at sta - in. 

2 


2690.00 
936. 68 
2.265 
1. 177 

0.200 

3.500 

3.000 

+3.000 

45.000 
-10.24 
35. 209 


474. 81 
1135.89 
299. 20~ 


1752. 29 
720. 68 
2. OSS 
0. 2451 

562. 40 

137.85 

393.03 
1185.31 
300. 20 
251.76 


0.60525 

14.05020 

2.265 


0.200 

3.500 

3.000 

43.000 

45.000 
-10.24 

35.209 

10.33860 
2.0677 5 
7.12215 
17.05335 
4.4880 
2, 73195~ 

0.39426 

1 0.81020 

8.058 

0,2451 

8.4360 

2.06775 
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TABLE 3. - MODEL DIMENSIONAL DATA - Concluded. 


Model Component: win S < w 107>» new lightweight orbite r 

r » i, !V , !M! Description: Orbi ter Configur ation 3 per Lines Drawing Vi-70 -0001 3 9B 

Note: Same as WjQ3 exc ept cuff, airfoil, and angle of incidence. Scale model = 0. 015 
Test No. > Drawing No. VL70**000 139B 


Dimensions: 

Total Data 

Planform area (thco) - ft 2 
Span (thoo) - in. 

Aspect ratio 
Kate of taper 
Taper ratio 
Dihedral angle, ~ deg 
Incidence angle, - dog 
Aerodynamic twist, - deg 
Sweepback angles, - deg 
Leading edge 
Trailing edge 
0. 25 clement line 
Chords - in. 

Root (thco) at BP 0. 0 
Tip (theo) at BP 468*341 
MAC 

Fus sta of 0.25 MAC 
WP of 0. 25 MAC 
BL of 0.25 MAC 
Expos ed Data 

Area (theo) - ft 2 

Span (thco) - in. (BP 108.0 tq 468.341) 
Aspect ratio 
Taper ratio 
Chords - in. 

Root at BP 1 08. 0 

Tip at 1. 00-j 

MAC 

Fus sta of 0. 25 MAC 
WP of 0. 25 MAC 
BL of 0.25 MAC 

Airfoil section (Rockwell mod T4ASA 
XXXX-64) 

Percent thickness at y 

L 

Percent thickness at l.Oy 

Data for 1 of 2 sides 
Leading edge cuff 
Planform area - ft 2 

Leading edge intersects fus ML at sta ~ in. 
Leading edge intersects wing at sta - in. 


Full-Scale 


2690.0 

936.68 
2.265 
1. 177 
0.200 
3.500 
0.500 

4-3.000 

45.000 
-10. 24 

35.209 

689. 24 
137.85 
474.81 
1136.89 
299. 20 
182. 13 

1752.29 

720.68 
2.058 
0.2451 

562.40 

137.85 

393.03 

1185.3’ 


251.76 


Model Scale 


0. 60525 
14.05020 
2.265 
1.177 
0.200 
3.500 
0.500 1 

+3.000 ^ 

45.000 

•10.24 

35.209 

10.33860 
2.06775 
7. 12215 
17.05335 
4. 4880 
2.73195 

0.39426 

10.81020 

2.058 

0.2451 

8.4360 

2.06775 

5.89545 

17.77965 


3.7764 


118.333 

500 

1083.4 


9.02662 
7. 5000 
16.2510 
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Continued. 






Shadowgraph of Configuration 
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IGURATI0N -139B ELEV0N EFFECTIVENESS AT MACH 5.3 
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ANGLE OF ATTACK. ALPHA. OEGREES 

FIG. 4 CONFIGURATION -1398 ELEVON EFFECTIVENESS AT MACH 5 

CA3MACH = 5.30 
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FIG. 4 CONFIGURATION -1398 ELEVON EFFECTIVENESS AT MACH 5.3 

CAJMACH = 5.30 
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ANGLE OF ATTACK. ALPHA. OEGREES 

FIG. 4 CONFIGURATION -139B ELEVON EFFECTIVENESS AT MACH 5.3 

CAJMACH * 5.30 
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198 ELEVON EFFECTIVENESS AT MACH 5.3 
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FIG. 6 CONFIGURATION -139B ELEVON EFFECTIVENESS AT MACH 10.3 
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FIG. 7 CONFIGURATION -1398 BOOT FLAP EFFECTIVENESS AT MACH 7.3 
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APPENDIX 

TABULATED SOURCE DA' ’A 


Tabulations of plotted data are available on request from 
Data Management Systems 
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